A kinetic assay for urine urea which employs the reaction with diacetylmonoxime at 37°C and undiluted urine was developed. Reaction conditions were optimized using the Monarch centrifugal analyser to produce an assay with the linearity to 450 mmollL urea, and CVs of 2· 30/0 and 2·5% within-batch and 4'6% and 3'3% between-batch at urea concentrations of 75·9 and 162'7mmollL, respectively; recoveries of 98' 5% to 99' 5% were obtained with the addition of the equivalent of 95 and 190 mmollL urea. Comparisons were made with one urine urea method employing diacetylmonoxime with dialysis and two enzymatic methods which all involve a sample pre-dilution stage. The urine samples used for the method comparisons did not contain preservatives. However, a range of urine preservatives and a selection of possible interfering metabolites were shown to have no significant effect on the recovery of urea in the assay.
SUMMARY. A kinetic assay for urine urea which employs the reaction with diacetylmonoxime at 37°C and undiluted urine was developed. Reaction conditions were optimized using the Monarch centrifugal analyser to produce an assay with the linearity to 450 mmollL urea, and CVs of 2· 30/0 and 2·5% within-batch and 4'6% and 3'3% between-batch at urea concentrations of 75·9 and 162'7mmollL, respectively; recoveries of 98' 5% to 99' 5% were obtained with the addition of the equivalent of 95 and 190 mmollL urea. Comparisons were made with one urine urea method employing diacetylmonoxime with dialysis and two enzymatic methods which all involve a sample pre-dilution stage. The urine samples used for the method comparisons did not contain preservatives. However, a range of urine preservatives and a selection of possible interfering metabolites were shown to have no significant effect on the recovery of urea in the assay.
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Assessment of nutritional support for critically ill patients depends on the degree of protein catabolism principally from the breakdown of muscle protein. The measurement of urinary nitrogenous metabolites is regarded as a reflection of this protein breakdown. It can also provide an indication of the metabolic response to the illness and the impact of treatment. Recently, a method for determining total urine nitrogen using gas phase chemiluminescence has been described 1 which correlates well with the classical Kjeldahl method for total nitrogen determination but less well with a urine urea method, presumably because the ratio urea:total nitrogen varies between patients. Measurements of urine urea are widely used and regarded as a convenient alternative which is less technically demanding and with no requirement for special equipment. Apart from urine infection, acidosis, amino acid loss or protein depletion urine urea nitrogen should be equivalent to between 80% and 90% of the total urine nitrogen."? ·Present Address: Data Analysis and Research Ltd, Lanark shire, UK. Correspondence: Dr Heather M Barbour.
Urea methods may measure urea only or urea plus ammonia using urease. The latter type of method may present difficulties with the analysis of urea in urine since levels of ammonia vary and may be high; calibration problems occur because urease liberates two molecules of ammonia for every molecule of urea. A determination of urea plus ammonia may have potential advantages for the assessment of total urine nitrogen although this does not appear to have been evaluated. It may be expected that urine urea could underestimate nitrogen loss if excess ammonia has been liberated from the breakdown of urea or amino acids. However, the data presented by Skogerboe et al. I suggests that urine urea does not invariably underestimate the total urine nitrogen.
In this study a kinetic method for urine urea using diacetylmonoxime was developed for the Monarch centrifugal analyser. The assay was evaluated for precision, linearity, recovery, interferences and comparisons with SMAC 2, Beckman and Monarch urease methods. The advantages of the kinetic method are the speed of assay, use of undiluted urine, specificity for urea and its ability to be performed at 37°C.
METHODS

TABLE I. Critical protocol parameters on the Monarch analyser
Reference methods
Beckman analyser
Urine samples were diluted one in 10 with O·9 giL saline prior to analysis with standard Beckman reagents.
Technicon SMAC 2
Urine ureas were determined by a prior one in 20 dilution with water for analysis with the urea channel using the Technicon SMAC 2 plasma calibrator. 
Monarch urease method
Urine samples were diluted one in 10 with water and analysed for urea using the Instrumentation Laboratory (IL) Urea nitrogen method calibrated with the manufacturer's aqueous standard.
Kodak DT60 method for ammonia
Urine ammonia was determined by pre-diluting urine in one in 1000 with water followed by analysis using the plasma ammonia slides.
Monarch kinetic diacetylmonoxime method
The optimized reagent was prepared by combining 1 mL of 250 mmollL diacetylmonoxime (GP grade, BDH, Poole, Dorset) and 0·4 mL of 55 mmollL thiosemicarbazide (GP grade, BDH) to 8' 5 mL water with O·1 mL added 30010 Brij 35 (Technicon, Basingstoke, UK). This was combined with 5 mL of 7· 5 mmollL ferric chloride in 3' 65 mmollL sulphuric acid containing 0'5 mL phosphoric acid per litre. The reagent is left to stand at room temperature for at least 2Yz h before use. This reagent is stable up to 3 days at 4°C. The critical Monarch parameters appear in Table 1 .
Reagent optimization
Each component of the reagent was studied over a range of concentrations in order to optimize signal and linearity. Diacetylmonoxime was studied between 3' 3 and 49· 5 mmollL and between O·37 and 2·2 mmollL thiosemicarbazide in the final reagent. Ferric chloride was added to the final reagent from 0·074 to 3· 7 mmollL and the acid was varied between O·9 and 1· 8 mmol/L. The addition of 30% Brij 35 is necessary to prevent precipitation in the reagent. The reagent optimization studies were carried out using the reading interval between 5 and 485 s.
Assay evaluation
Aqueous urea standards were prepared from 25 to 500 mmollL to study linearity. Withinand between-batch imprecision was studied using Gilford urine controls. Recovery studies employed the addition of the equivalent of 100 and 200 mmollL urea to random urines. Recovery of urea in the diacetylmonoxime reaction was also studied in the presence of a group of urine preservatives and metabolites at elevated concentrations which could potentially interfere with the diacetyl monoxime reaction. Urea recovery was assessed in the presence of 0'3 mmollL hydrochloric acid, 30 /LmollL thiomersal and 3 mmollL boric acid. Metabolites studied included 5 mmollL uric acid, 700 /LmollL citrulline, 20 mmollL ornithine, 15 mmollL arginine, 17 mmollL creatinine and 90 mmollL disodium orthophosphate. Ammonia interference was studied in all four urea methods by the addition of 25, 50, 100 and 200 mmollL ammonium chloride to a urine.
One hundred patient urines without preservatives received for urea determination were assayed by the SMAC, Beckman urea analyser, Monarch urease and kinetic diacetylmonoxime methods.
RESULTS
The optimal concentrations in the urea reagent were found to be 16'6 mmollL diacetylmonoxime, 1. 46 mmollL thiosemicarbazide, 2· 5 mmollL ferric chloride and 1·2 mmollL hydrogen ion with 0'1 mL 30% Brij 35 per 15 mL of final reagent, required to prevent precipitation. An increase in the concentration of acid increased the colour production in the assay; however, a concentration of 1. 2 mmollL hydrogen ion was chosen as a compromise between sensitivity and the ability of the Monarch to handle the reagent without detrimental effects. This reagent gave optimal 
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principles which in turn may have further modifications in the analytical approach. In this study, the kinetic diacetylrnonoxime method was developed and compared with the SMAC 2 method (which employs the same reaction but heated to 90 CC following dialysis), one urease method with glutamate dehydrogenase determined at 340 nm, and a urease method employing conductivity. Despite the specificity of urease methods, it has been reported that the condensation of urea with diacetylmonoxime in the presence of acid is highly specific for urea." Thiosemicarbazide and ferric ions are added to the assay for enhancement and stabilization of the colour. This study confirmed specificity FIGURE 1. Correlation of kinetic diacetyl monoxime method versus SMAC 2. Using Deming's method 
DISCUSSION
Although analytical methods for plasma urea can be adapted for urine estimation by sample predilution, the suitability of these methods in terms of specificity and potential interferences should be considered. The range of assays available for urea determination are based on various assay sensitivity and linearity between absorbance and urea concentration up to 450 mmollL urea at reading intervals between 5 and 485 s. Although the absorbance change with time begins with a long lag phase up to 400 s, a linear relationship between urea concentration and absorbance is achieved for readings between 5 and 485 s. A typical absorbance change at 400 mmollL was O·300. If the reaction is to be monitored at different reading intervals, standards from 50 to 500 mmollL can replace the single calibrant. A standard curve can be employed for reaction times from 6 to 16 min. The lag phase for the reaction at 37 c C does not seem entirely due to the hydrolysis of diacetyl monoxime to diacetyl during the reaction" because when diacetyl monoxime was replaced by diacetyl a lag phase was still present. Results for imprecision studies appear in Table 2 . Recovery of 100 and 200 mmollL urea added to urine was between 98'5070 and 99·6I1Jo. No interference was found in the presence of the preservatives and metabolites investigated. Results for the patient sample correlation between kinetic diacetylmonoxime and the SMAC appear in Fig. 1 , the Beckman in Fig. 2 and the Monarch urease method in Fig. 3 . The three outliers identified in Fig. 3 were excluded from the regression analysis. The response of the four urea assays to the presence of ammonia appears in Fig. 4 where 2 mmollL ammonium ion is equivalent to 1 mmollL urea in the two methods which employ urease. Urine ammonia results from the three outliers in Fig. 3 as they would be included in the baseline reading. The measurement of urinary urea has been suggested as a convenient alternative to the definitive estimations of total urinary nitrogenalthough some have questioned the possible use of urea plus ammonium as an index of nitrogen excretion.! The urine urea results from three patients were not included in the linear regression of kinetic diacetylmonoxime versus the Monarch urease method. Two patients were acidotic, one with diabetic ketoacidosis and the other with advanced renal failure. Both urines would be expected to contain elevated ammonium levelsdue to hydrogen ion excretion, which was confirmed. The third specimen had been delayed in arriving at the laboratory and was found to be 5 days old. The low urea and high ammonia content suggests bacterial contamination from a urease-producing organism such as Proteus Spp.
All four urea methods in this study correlate well, with the exception of samples with elevated levels of ammonia. The kinetic diacetylmonoxime method correlates well with the SMAC and Beckman methods but there was a 8 mmol/L urea intercept for the correlation with the Monarch urease method. This would be expected to be equivalent to 16 mmol/L in terms of ammonia and is comparable to the concentration of ammonia and ammonium found in urine. 5 ,6 The kinetic diacetylmonoxime method is precise and recovers urea quantitatively. The method is convenient as it does not require a pre-dilution step and it compares well with methods measuring urea without ammonia. The method should be easily adapted to other discrete analysers. by demonstrating no reaction with urea cycle intermediates, including ammonia. Also, the presence of elevated urine phosphate concentrations did not intensify the colour production, which confirm other reports about this reaction."
This study demonstrates the lack of ammonium ion interference in the reaction with diacetylmonoxime with or without dialysis. However, the urease methods behave differently towards ammonia. The Monarch urease method with glutamate dehydrogenase includes measurement of ammonium ions as well as urea in spite of an initial reading at 5 s. The Beckman analyser measures the rate of increase in conductivity as urease converts urea to ammonium and bicarbonate ions. The ammonium ions present in the sample do not contribute to the final urea result
